A novel series of 1', 3', 4' -oxadiazole derivatives were synthesized. The chemical structure of the synthesized compounds was established on the basis of spectral data and elemental analysis. Further, the synthesized compounds were tested for their antimicrobial activity by disk diffusion assay. The synthesized compounds exhibited significant activity against selected bacterial and fungal strains compared to the standard drugs. Lipinski's rule and in silico ADMET pharmacokinetic parameters were found to be within the acceptable range thereby indicating their potential as a drug-like molecule. Compounds 4c and 4d showed good drug-likeness score and bioactivity score, in comparison with the other compounds. The SAR study revealed that the hydroxy/chloro substituent at the para position of the phenyl ring on oxadiazole ring can improve the antimicrobial activity.
INTRODUCTION
Heterocycles are important structural unit found in a wide range of biologically active compounds. Nitrogen and oxygen-containing heterocycles have received considerable attention due to their broad spectrum of biological activities. One of these compounds is oxadiazole which has been found to exhibit various pharmacological activities. Oxadiazole is a cyclic compound containing one oxygen and two nitrogen atoms in a five-membered ring and can undergo a variety of chemical reactions including electrophilic substitution, nucleophilic substitution, thermal and photochemical reaction. It exists in four isomeric forms. Out of its four isomers, 1,3,4-oxadiazole derivatives were found to possess a wide range of biological activities which includes antimicrobial, anticonvulsant, antitubercular, anti-inflammatory, anticancer, insecticidal, antitumor, antioxidant, analgesic, and herbicidal activity. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] The potent biological activity of 1, 3, 4-oxadiazole is probably by the virtue of -N=C-O grouping. A large number of drugs used clinically have oxadiazole ring as the structural building block. On the other hand, benzimidazole nucleus has turned out to be a potential chemotherapeutic agent. [20] [21] [22] [23] [24] [25] Based on these findings and in continuation of the work on heterocycles, a present communication reports the synthesis of some 1', 3', 4'-oxadiazoles bearing benzimidazole moiety. Structure-activity relationships of 1', 3', 4'-oxadiazole derivatives were also studied to analyze the effect of various substituents on the biological activity. Pharmacokinetic profile of the synthesized compounds was also predicted with the aid of computer programs to select the best drug candidate.
EXPERIMENTAL Material and Methods
Melting points were taken in open capillaries in a simple 'Neolab'electrical apparatus and are uncorrected. The infrared spectra were recorded on a Shimadzu 8101A spectrophotometer in KBr pellets. The Proton Magnetic Resonance ( 1 H NMR) spectra were recorded on a DPX 300 MHz Brucker NOVEL 1', 3', 4'-OXADIAZOLE DERIVATIVES Shipra Bhati spectrophotometer in DMSO with a chemical shift in δ ppm. Mass spectra were recorded on JEOL SX 102/DA-6000 mass spectrometer data system using argon/Xenon (6 KV, 10 MA) as FAB gas. N-methyl phthalyl benzimidazole (1) was synthesized by the known method.
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General Procedure Synthesis of Ethyl (N-methyl phthalyl benzimidazolo) acetate (2)
A mixture of N-methyl phthalyl benzimidazole (0.1mol), ethyl chloro acetate (0.1mol) and potassium carbonate (0.15mol) in dry acetone (20 ml) was refluxed for 6 h. Completion of the reaction was monitored by thin layer chromatography (TLC). The reaction mixture was filtered. From the clear filtrate excess acetone was removed by distillation and then was added to water. The solid product separated was collected by filtration and dried. Further purification was done by crystallization from ethyl acetate to give ethyl (N-methyl phthalyl benzimidazolo) acetate (2 
Synthesis of (N-methyl phthalyl benzimidazolo) acetohydrazide (3)
A mixture of compound 2 (0.04 mol) in ethanol (15 ml) was mixed with hydrazine hydrate 99% (2.2 ml, 0.044 mol) and refluxed for 4 h. Completion of the reaction was monitored by TLC. The excess of solvent was removed by distillation and the contents were added to an excess of water. The solid product separated was collected by filtration and dried. The crude product was purified by recrystallization from ethanol. Yield 82%, mp 170-180ºC, FTIR (KBr, Cm The mixture of compound 3 (0.002 mol), aromatic acid (0.003 mol) and phosphorous oxy chloride (1 ml) were ground to get a homogenous mixture and then heated in a beaker under microwave irradiation at 160 W for 5-10 min. The contents were cooled to room temperature and added to excess ice-cold water. The solid product separated was collected by filtration. Further purification was done by recrystallization from the ethanol-DMF mixture (2:1). The other derivatives were synthesized following the same procedure. Spectral details for the compounds 4a-h are given below. 
Antimicrobial Activity
The synthesized compounds 4a-h were screened in vitro for their antibacterial activity against two microorganisms i.e. Escherichia coli and Staphylococcus aureus, by cup-plate agar diffusion method. 27 Luria broth (20 gm, Hi-media M-575) and agar-agar (25gm) were taken in 1000 ml of distilled water and heated till it dissolved. Then, the mixture was sterilized by autoclaving at 15 atm pressure and 121°C for 15 minutes. The above-prepared mixture was then poured into Petri plates and 0.1 ml of activity growing culture was evenly spread onto the surface of the nutrient agar plate. Four well of 8 mm diameter were bored in each plate and 0.1 ml of testing solution was added into each well, having a concentration of 1000 ppm in DMF. A control was also established by using just the solvent in which each compound was dissolved. Ofloxacin was used as a standard drug for antibacterial activity. The drug solution was allowed to diffuse for about an hour into the medium. The plates were incubated at 37°C for overnight. After incubation, the degree of inhibition was observed by the formation of zones. The diameters of the zones were measured in mm. All the synthesized compounds showed good antibacterial activity. The compounds were tested in vitro for their antifungal activity against Candida albicans and Aspergillus niger by cup-plate agar diffusion method. Potato dextrose agar (Hi-media MU-096) was used as culture medium. The same procedure as above was followed for Antifungal activity. Ketoconazole was used as a standard drug for antifungal activity. After incubation for 48 hours at 37ºC, the plates were examined for inhibition zones. The results of antibacterial and antifungal activities were represented in Table- 1.
Molecular Descriptors
Molinspiration, a web-based software was used to obtain parameters such as Mi Log P (partition coefficient), TPSA, molecular weight, number of hydrogen acceptor, number of a hydrogen donor, NOVEL 1', 3', 4'-OXADIAZOLE DERIVATIVES Shipra Bhati number of violation, number of rotatable bonds and volume (Table-2) .
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Using these parameters the compounds were checked for their compliance with the Lipinski's rule of five. 29 Bioactivity of the synthesized compounds was checked by calculating the activity scores of GPCR ligand, ion channel modulator, nuclear receptor ligand, kinase inhibitor, a protease inhibitor, enzyme inhibitor using Molinspiration on-line tool (Table-3 ). OSIRIS Data Warrior programs were used to determine pharmacokinetic parameters such as toxicity potential, solubility and overall drug-Likeness (Table-4 ). 
Prediction of ADMET Properties
The ADMET (Absorption, Distribution, Metabolism, Excretion and Toxicity) properties of the synthesized compounds 4a-h were calculated using admetSAR prediction tool (http://www.admetexp.org/predict/) and results were tabulated in Table-5.   31 BBB (Blood-Brain Barrier) penetration, HIA (Human Intestinal Absorption), Caco-2 cell permeability, Carcinogenicity and Ames toxicity were calculated for the evaluation of pharmacodynamics behavior of the synthesized compounds.
RESULTS AND DISCUSSION
The synthetic route followed for obtaining the title compounds is outlined in Fig.-1 . N-methyl phthalyl benzimidazole (1) was synthesized by a known procedure. Compound 1 on treatment with ethyl chloroacetate in the presence of anhydrous potassium carbonate in dry acetone gave ethyl (N-methyl phthalyl benzimidazolo) acetate (2), which on treatment with hydrazine hydrate resulted in the formation of (N-methyl phthalyl benzimidazolo) acetohydrazide (3). Compound 3 on reaction with various aromatic acids in the presence of phosphorous oxychloride resulted in the formation of 2'-[1-methyl-{N-methyl phthalyl benzimidazolo}]-5'-(4"-substituted phenyl)-1', 3', 4'-oxadiazoles (4a-h). The synthesized compounds 4a-h were screened for their antibacterial activity against E. Coli and S. Aureus and antifungal activity against C. albicans and A. niger by agar diffusion technique. The diameter of the zone of inhibition exhibited by the compounds was measured. It was found that the compound 4c and 4d were highly active against both the bacterial strains. Compound 4a, 4b, and 4h were found to be moderately active whereas 4e, 4f and 4g were weakly active. Derivatives 4c and 4d were most active against both the fungal strains whereas derivatives 4a, 4f, 4g and 4h were moderately active. The results showed that the induction of hydroxyl and chloro group at the para position of phenyl ring on the Figure-2 and 3 depict the comparative antibacterial and antifungal activities of the synthesized compounds respectively. MiLogP, the logarithm of compound partition coefficient between n-octanol and water; TPSA, topological polar surface area; % ABS, the percentage of absorption; MW, molecular weight; nON, number of hydrogen bond acceptors; nOHNH, number of hydrogen bond donors; Nrotb, number of rotatable bonds; Nvio, Number of violations
The molecular descriptors of 1', 3', 4'-oxadiazoles derivatives (4a-h) were calculated using Molinspiration Cheminformatics software and were presented in Table- 2. Lipinski's "rule of five˝ is commonly used to predict oral bioavailability of potential drug molecule. The rule states that a candidate molecule will likely to be active if i) logP ≤ 5, ii) molecular weight ≤ 500, iii) a number of hydrogen bond acceptors ≤ 10 and iv) a number of hydrogen bond donors ≤ 5. The synthesized compounds did not violate any of the Lipinski's rules of five, however, one violation was observed for the compound 4e. All the compounds except 4e fulfill Lipinski's rule and show good drug-likeness score (Table-2 ). Mi Log P values of the synthesized compounds were found to be below 5, which showed good permeability across the cell membrane. In respect of TPSA, all the compounds were found to be within the limit, i.e. 160 Å, which implies that the molecules fulfilled the optimal requirement for drug absorption. TPSA was used to calculate the percentage of absorption (% ABS) following the equation: % ABS = 109 -(0.345 × TPSA). 32 Synthesized compounds exhibited a moderate % ABS ranging from 60.13% to 75.93%. The molecular weights of the compounds were less than 500 Daltons. The compounds in the series possessed a high number of rotatable bonds (5 -7) and therefore, exhibited conformational flexibility. The bioactivity scores of the compound 4a-h were predicted by calculating the activity score of GPCR ligand, ion channel modulator, nuclear receptor legend, kinase inhibitor, protease inhibitor and enzyme inhibitor by Molinspiration and were presented in Table-3 . A molecule having bioactivity score more than 0.00 is most likely to possess considerable biological activities, while values -0.50 to 0.00 are expected to be moderately active and if the score is less than -0.50 it is presumed to be inactive. 33 Results of the present study demonstrated that the investigated compounds were moderately active compared to the In silico drug-likeness prediction helps in accelerating the discovery of new drug candidates. Table-4 depicts the drug-likeness properties of the synthesized compounds predicted using OSIRIS Data Warrior programs. The OSIRIS tools measure the ClogP value (logarithm of compound's partition coefficient between n-octanol and water) which is a well-established measure of the compound's hydrophilicity. Higher ClogP value indicates lower hydrophilicity and, thus, poor absorption and permeation. The logS value indicates solubility, the lesser the logS value, the higher the solubility which would enhance the absorption. Of all the toxicological features predicted like mutagenicity, tumorigenicity, reproductive toxicity and irritability, none of the compounds was found to be toxic. Drug-likeness prediction study revealed that the compound 4c and 4d to be the best with these properties. ADMET prediction was done using admetSAR and the results were summarized in Table5. The compounds showed high probability score in terms of Blood-Brain Barrier (BBB) penetration and Human Intestinal Absorption (HIA) compared to the standard drugs. CYP450 substrates and inhibitors hold a key role in drug metabolism. The results revealed that the Compound 4c showed low CYP Inhibitory Promiscuity as it was found to be non-inhibitor for most of the CYP450 enzymes i.e. 1A2, 2D6, 2C19 and 3A4 and non-substrate for two CYP450 substrates (2C9, 2D6). The compound 4c showed highest Caco-2 permeability score (0.5810) in the series. The tested compounds were found to be non-toxic in AMES toxicity test except compound 4e, which showed that the compounds were nonmutagenic. The carcinogenic profile also revealed that the compounds were non-carcinogenic. The computed LD50 dose in rat model revealed that the compound 4d had almost the same LD50, compared to the standard drug Ofloxacin. Highest LD50 of 2.3768 was observed for the compound 4e among the other derivatives.
CONCLUSION
The present work reports the synthesis of some novel 1', 3', 4'-oxadiazole derivatives bearing benzimidazole moiety. The synthesized compounds were characterized by the spectral techniques and tested for their antimicrobial activity. The synthesized compounds showed significant activity and were found to be active against all the selected bacterial and fungal strains. It was observed that the synthesized compounds conformed to the Lipinski's rule of five and had good bioavailability. A good correlation was obtained between the theoretical predictions and experimental verification. It was observed that the compounds bearing ydroxyl and chloro group (compound 4c and 4d respectively) at the phenyl ring of oxadiazole showed maximum drug-likeness score among the series. The compound 4c and 4d emerged as the potent molecules in the series and can be considered for further in vivo evaluation. The results provided an insight for the construction of hybrid compounds for the generation of efficient leads.
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